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THE WINDS OF THE MIDDLE AND NORTHERN CALIFORNIA COAST
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"In some recent studies of the pressure distribution
and the resulting winds of the California coast a few
details came to %ight which seem worthy of preserva-
tion in the literature of the climatology of the United
States.

Reference is made to the high winds and gales that are
experienced in the months April to July, inclusive, along
the middle and northern stretch of the California coast.

The studies in question showed that in general the
winds of the California coast from the Golden Gate to
and perhaps beyond Cape Mendocino have a pronounced
seasonal increase in strength, the first in midwinter
when land winds sweep down the Coast Range of moun-
tains and out upon the Pacific with velocities which at
times approach and indeed exceed 100 miles per hour;
the second seasonal increase is in late spring and early
summer months when the direction of the wind is ex-
actly the opposite of that which prevails in midwinter,
viz, from the ocean to the land.

The strength of these winds in winter depends upon
the pressure gradient which obtains for the time being.
A deep barometric depression over the ocean approach-
ing the California coast when the Great Basin region is
occupied by an anticyclone in which pressures are
30.40 inches and upwards is the occasion for high south-
east winds and gales along the coast. Conversely the
presence of an extensive trough of low pressure over
California with its axis trending north-south in conjunc-
tion with an anticyclone over the Pacific, even though the
central gre.ssure in it does not exceed 30.10-30.15 inches,
provided the surface temperatures in interior Califor-
nia are relatively high, is the occasion for northwest
winds and gales over the ocean near the coast and also
over the coast range directly to the eastward.

The prevailing winds.—The prevailing wind direction
at stations along the California coast, as deduced from
twice-daily eye observations, together with the length
of the record at each station is set forth in the subjoined
table. This table contains also the data for three sta-
tions in the interior.

TaBLE 1.—Prevailing winds
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Roseburg, Oreg. ... 45 ) 8. | 8. | 8. |nw./nw. nw.| n. { ow. Inw. } nw.| 8. | 8.
Eureka, Calif__________. 35| 9| se|se|n |n |nw.|nw.| nw. | n. {;‘é }se. se.

Point Reyes, Calif_..___| 35 \nw.|nW./ nw.|nw./nw. nw.|nw.| ow. |nw.| ow. |ow./nw.
Southeast Farallon,Calil.| 10 {nw./nw. nw. nw.|Dw..DW.NW.| OW. |nW.| W, |NW./nW.
Mount Temalpais, Calif.| 2] | se.|nw./nw. nw.|nw.(nw. nw.| nw. |nw.| ow. [nw |nw.

8an Francisco, Calif_____ 52 |n |w.w.lw.|w. W, |W.| 8SW.|W. w. w.‘ n.

San Diego, Calif_.______ 50 |nw.|nw.|nw.|nw.| w. {;‘; }nw ow. |nw.| nw. (nw.| ne.

Valley stations: o |
Red Bluif.._________ 45 [nw.'nw.[nw.| se.) se.| se.|se. | se. |nw.| nw. |nw.nw.
Sacramento._____._. 46 |se.| se.| se.|S. | 5. |S. |S. 8. |8 |se se. | se.
Fresno.............. 35 |nw.|nw./nw.[nw. nw. nw./nw.| oW, |OwW.| nW. |DW.'nw.

The prevailing winds at both Roseburg, Oreg., and
Eureka, Calif., are from a southerly or land quarter from
November to April, a fact due, In the opinion of the
writer, to the very intimate control exercised by the
Great Basin anticyclone of the cold months. At the
remaining stations along the coast, while the prevailing
direction is northerly in the cold months, yet southerly
winds prevail for much of the time; in fact, at Point
Reyes there are almost as many January and December
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months with prevailing winds from a southerly quarter
as from a northerly quarter. The prevailing winds at
San Francisco are largely the result of topographic con-
trol. Although the record for Southeast Farallon—a
rocky island 28 miles from the entrance to Golden Gate—
shows northwest to be the prevailing direction for each
month of the year, southerly winds are almost as preva-
lent in January as northwest.

The coastal winds of the Golden Gate region.—The
records used are those of Point Reyes, on the coast,
Mount Tamalpais, altitude 2,375 feet, a few miles inland,
San Franecisco, and Southeast Farallon. The positions
of these four stations are shown in the small sketch map,
Figure 1.
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The monthly mean wind speed at the four stations above
named, together with the maximum speed for each month
and the direction at time of maximum, is given in
Table 2.

TABLE 2.— Mean monthly wind velocity (mi. p. h.)
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S15|5|% 58|58 2|5 5|88
()
2lal=s|l<|2 8|85 |&|38]lz|a)|<
Point Reyes._... 17.7| 19.5( 20.8( 23.8| 26. 1| 26.9( 22.1j 19.8| 18.2| 17.0| 18. 6| 18. 520. 4
Mt. Tamalpais_.| 19.9] 18.3| 18.1| 18.9! 19. 5 18.5| 15.0{ 14.2! 15 2( 16,0| 17. 6| 19.7[17.6
SE. Farallon....t 15,7 15.3| 17.0[ 17.1| 19.1{ 18. 5| 15. 6| 13.9| 12, 6 12,8 12.9| 13. 2153
San Francisco...| 7.4/ 7.5 8.8| 10.1| 11.2{ 12.6| 13,1} 12,1} 10.1] 7.8 6.7| 6.8/ 9.5
Maximum velocities and direction
Point Reyes_____ 104| 101 108| 110| 120, 94 90| 78] 75 90| 82 96__..
nw.| nw.| sw.| nw.| nw.| nw.| nw.| nw.| nw.| nw.| se.| 8.
Mt. Tamalpais..| 90| 76! 83 92 92 92| 89 78 80 78 88 78_.._
se.| nw.| nw.| nw.| nw.| nw.| nw.| nw.| nw.| ow.| n.| sw.
SE. Farallon_._.! 66| 68| 72| 60| 60| 54| 55 &50 58 58 61 76|....
nw.| n. se. n. nw. nw,| nw. »n.|nw,|nw. nw. s.
San Francisco._..| 57f 52 60| 47 45/ 48 41 42| 44) 64] 60__..
se.. s snow.,| w.| sw.| w. sw.| sw. ne| mne.| se.
CaPe Mendo- | 124 104 92] 100;!130 64) 56| 52| 96/ 82( 125 108____
cino.? se.. se.| se.| se. 88| s.| se| sel sel se.| se.
1 Estimated. 1 5 years’ record.
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It is obvious that the values contained in the above
table can not be rigorously correct. If we assume that
the record for Southeast Farallon is approximately correct
for the water surface, then the values for Point Reyes
and Mount Tamalpais should be lowered to offset the
increase due to topography, the former by 33 per cent
and the latter by 15 per cent, annual averages considered.
The San Francisco record due possibly to surface friction
and topographic controls should be increased approxi-
mately 38 per cent. The figures for Southeast Farallon
show a slight decrease January to February, then an
increase to May, when the maximum of the year is
reached. The increase, January to May, at Southeast
Farallon is 3.4 miles, whereas the increase for the same
months at Point Reyes is 8.4 miles, more than-double
that of the first named. This is considered as being due
to the great temperature contrast between interior Cali-
fornia and the ocean.

Average velocities for the month as high as 35.5
miles per hour in May have been recorded at Point
Reyes and the extraordinary average of 34.5 miles per
hour in July was registered at this station in 1909.
Naturally when the average is high, individual days have
high winds and gales rather frequently, thus maximum
velocities as high as 100 miles per hour and over have
been recorded at Point Reyes in each month January to
May, inclusive; see lower part of Table 2.

These high velocities are sometimes continuous for
48 hours, as on May 17-18, 1902, when the average for
the two days was 72 miles perhour, (1) and for the 12 hours
ending midnight May 18 the average velocity was 84
miles per hour. The largest number of miles recorded
on this occasion in any one hour was 102 between
8 and 9 p. m. seventy-fifth meridian time. Such high
winds as these doubtless prevail along the coast from
the Golden Gate northward to Cape Mendocino and
perhaps beyond.

In the eighties the United States Signal Service main-
tained an observing station at Cape Mendocino; during
the lifetime of this station a maximum velocity of 144
miles per hour was reported.

The writer has examined the original wind sheet for
the day on which this extraordinary velocity was re-
ported, viz, January 20, 1886, 7 a. m. seventy-fifth
meridain time, or approximately 4 a. m. local time. At
this hour artificial light was necessary. The registering

TasLE 3.—Hourly wind velocities.
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apparatus was of the standard type used in those days
and the record was made by a pencil lead ; naturally when
high winds had prevailed for some time the pencil point
became dulled and the record was accordingly, more or
less difficult to read. The actual velocity at 7 a. m., read
under the most favorable conditions as to light, was only
about one-half of the reported velocity. Nevertheless
the wind speed increased rapidly and a clearly indicated
velocity of 120 miles per hour was reached at 11.30 a. m.
of the same date, this high velocity continued unabated
to about 1.15 p. m., when the observer sharpened the
registering lead pencil, thus making it possible to read
the indicated velocity with greater accuracy; at this time
a velocity of 123.6 was clearly registered; shortly after-
wards the register ceased to function and the remainder
of the record was lost.

I have added the record of maximum mounthly wind
velocities at Cape Mendocino to Table 2.

Cape Mendocino is the most western point of Califor-
nia. The terrain back of the coast line is wooded and
extremely rugged, the 1,000-foot contour line approaches
to within 25 miles of the shore line and is much serrated
directly east of the cape by gorges, canyons, and stream
valleys that lead to the Pacific. Eighty miles to the
southeast of the cape the hills which in that part of
California trend almost north-south rise to an altitude of
4,000 feet. The winds which we are considering there-
fore are down-slope winds and consequently dry. That
they advance any considerable distance over the Pacific
is improbable but since they prevail only at such times
as a pronounced depression of the barometer is approach-
ing the coast it would appear that they must operate to
prevent the depression from gaining a foothold over the
continent.

» DIURNAL VARIATION OF THE WIND

The statement has been made hereinbefore that the
strength of the spring and early summer winds is condi-
tioned, in part, by the strong temperature contrast
between the heated interior and the coast. In further
elaboration of that idea I have computed the mean hourly
wind speed for the same 10-year period at both Point
Reyes and Mount Tamalpais. The means appear in
Table 3 and I have plotted the June means to form the
two curves in Figure 2.

Meridian of time used, 120°
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1 2 3 4 5 6 7 8 9 10 11 1 2 1 3 4 L] [ 7 8 9 10 11 | Mid-
Date a. m 1 a. m.| 4 M. & . 8 m.a m.|a m. & m.fa mia m.a m Naon p.m.|p. m.‘p.m.;p.m. p.m.|p.m.|p.m.|p.m.{p. m.|p.m.|p.m.|night Mean
Point Reyes

20.9 | 20.7 | 20.8 | 20.7 | 20.8 | 20.4 | 20.0 | 20.2 [ 19.7 [ 19.3 | 19.3 [ 10.4 | 19.9 ‘ 20.0 | 20.3 | 20.8 ‘ 2L5121.8 221218223 |21 {21.2|2L0| 20.7

1.4 [ 21.020.7 | 20.6 | 20.3 |19.7 1 19.8(19.6 165|180 181 | 184 (19.620.5; 21.3 [ 21.7 | 223 | 22.6 ] 227|229 | 228 | 227 | 22.4 | 2,8 | 20.8
2302232249217 [ 21.2120.2(19.9}19.7|19.0| 183184 (1882011211 |2L7|229 ‘ 23.9 (246 | 25,1 [ 251 /250246 | 244239 | 220

24.3 | 2412391235 |234(226|2L.9(2L2)/20.620.3]20.7|2L2 224, 234|244 255 27326 9274 | 2705|271 1262|257 1249 24.0

26,2 | 26.2 | 25.6|251:24.6|23.8123.0(226 } 21,7 [ 21.4 21,9 (224 | 23.6 1 244|253 2.4 1 277 1284|2858 [ 20.0 | 28.3 | 28.0(27.6 (27.0| 254

20.5120.2 (286 |281]27.1(26.3 254|246 J 23.9 1 23.6 2412462601 2681232, 29.7/30.8(31.9323|32632.4|3L.5{3L0|30.0| 282

23.6 | 23.2 | 226 | 222 ‘ 2.8 | 21.0120.2(19.8 ) 186|184 ] 184|187 ]19.9 1206 |21.8 /230245252256 (26.0f258)254{246|240| 223
227224221218 J 21.6 {20.8 20.0]19.5 185181 |17.9 181|193 i 20.1 211219236245 |24.6(249|246|2421240|23.1| 216

Mount Tamalpais
i I t

January. ___.__.. 21.2 | 21.4 [ 21.5(21.621.4}21..22..6|21.720.8)19.7 184 17.4|17. 4 I7.3 ‘ 17.3 | 17.6 | 188 | 19.8 [ 20.8 [ 21.4 {1 21.6 | 21.8 | 21.6 | 21.2 | 20.2
February.__..___. 20.3 | 20.2(20.0)19.9]20.3}20.3|20.2|19.5]|18.016.3 | 146 13.4|13.7 | 13.6 [ 13.8 | 14.5 [ 157 {17.3 | 187 | 19.3 | 19.5 | 19.7 | 20.2 | 20.3 17.9
March_______._.__ 20.4 [ 20.2(19.5]19.2{188{189 (189180 | 16,1 |14.9 [13.8 | 128 ]13.3 125 13.3 | 141|149 16,4 |18 4110.4]20.1;19.920.1(19.7 17.2
April__ .l 21.5|21.5|21.4|21.1(20.5|20.2188|171 147 [128 | 1.7 (1L0]1L7 [ 12,2 13.3 (1431611179 [19.5 [ 21.0 | 220 | 226 | 224 | 21.8 17.8
May 227 | 228226220 21.7)20.5|182 (154139116} 10.7 | 10.8 { 1.5 124 | 13.4 [ 150 17.2 | 19.2 /220 | 23.9 [ 24.0 | 24.0| 23.8 | 23.2 | 184
June 23.0| 224|217 | 21.5(20.7[188 168 141 |12.8] 9.9 ' 9.0/ 7.8 9.4 { 101 | 1.6 1 13.4 11581182 ]20.6 | 228|244 [ 245]24 41236 17.4
July. 18.9 | 1821 17.8 | 17.5 [ 17.2 ( 157 [ 140 | 122 | 10.5 | 9.0 78| 7.0, 7.0, 7.3 81 96124 (148|173 |19.2[20.5(20.820.5]19.3 14.3
August_____.__.. 18.4 | 17.9 | 17.6 | 17.0 | 16.8 | 15.6 | 14.0 | 11,7} 10.2 | &7 7.8¢ 7.4 7.6 | 1.8 ’ 85(10.1 120 ‘ 1391163 118.3119.9|20.3|20.0]19.1 14.0
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The chief point of interest in the above table is in
the relatively large increase in the speed of the wind at
Point Reyes from winter to early.summer, especially at
the hour of daily maximum. In January the daily
maximum is 22.3 miles per hour at 9 p. m.; in June the
daily maximum is 32.6 miles per hour, an increase of
10.3 over and above that of January. This increase
begins in March and with the coming of summer reaches
the value just quoted. At the other station, Mount
Tamalpais, the speed of the wind falls off from a maximum
in January to a minimum in August, as shown in the
annual curves in Figure 2.

Jan._ Feb. Mch Apr. May Jurne July Aug Sept Oct Now: Dec.
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The statistics here referred to are for seventy-fifth
meridian time while those used in the present compila-
tion are for one hundred and twentieth meridian. San
Diego on the south coast of California does not show the
characteristic above mentioned.

The diurnal variation at Mount Tamalpais, follows
that of Point Reyes with a lag of about 2 hours in the
occurrence of the morning minimum and the afternoon
maximum, respectively. The daily range in velocity at
Tamalpais is considerably greater than that at Point
Reyes, as might be expected considering that the latter
is & mountain station.
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F16. 3.—Hourly March of wind velocity in June, at Point Reyes and Mount
F16. 2—Annual march of wind velocity at certain California stations and Honolalu Tamalpais

The range in hourly wind speed at Point Reyes in
January is 3 miles per hour; in March as the tempera-
ture of the interior rises it is 6.8 miles per hour and in
June has risen to 9 miles per hour, a threefold increase
over January. Mount Tamalpais, with the same range
in January as Point Reyes, increases more rapidly as
the warm season comes on, being 7.9 miles per hour in
March and 16.7 in June. Other details appear in Table 3.

Another point of interest in the diurnal winds of the
middle California coast is the delayed occurrence of the
morning minimum until 10 o’clock in the forenoon.
This feature comes somewhat as a surprise, although it
need not, since the writer published in the annual report
of the Chief of the Weather Bureau, 1896-7 pages 110-
123, statistics of hourly wind velocities which show for
the two stations San Francisco, Calif., and Portland,
Oreg., a lag of several hours in the oceurrence of the
morning minimum as well as the afternoon maximum.

Von Hann investigated the diurnal wind movement at
mountain stations many years ago. He found for the
Sonnblick in the Austrian Alps, and for other mountain
stations, a retardation in the time of the morning min-
imum and attributed it to a temperature effect on the
mountain sides. In the case here considered it seems
probable that the temperature effect of the Great Valley
of California overshadows any temperature effect due to
the slopes of Tamalpais itself, and that consequently the
winds of that station join in the general northwest
current that originates at sea, probably not far from the
coast line, passes over the coast range of mountains and
mingles with the air over the Great Valley.

LITERATURE CITED
(1) McApig, A. G., and THoMAS, W. W,

1903. SOME HIGH WINDS ON THE PACIFIC COAST.
Rev., 31: 65.

Mo. Wea.



